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(57) The present invention has as an object to pro- 
duce a thinner electrolyte layer in a solid oxide type fuel 
cell. 

In a solid oxide type fuel cell, a solid oxide electrolyte 
layer 1 10 is grown on the surface of a hydrogen-perme- 
able metal layer 120. A structure is provided for prevent- 
ing interlayer separation of the hydrogen-permeable met- 
al layer 120 and the electrolyte layer 110 due to expan- 
sion of the hydrogen-permeable metal layer 120 during 
permeation of hydrogen. As the separation preventing 
mechanism, there can be employed a structure that pre- 
vents expansion of the hydrogen-permeable metal layer 
120, or a structure wherein the electrolyte layer is divided 
to ameliorate stress during expansion. By so doing, the 
electrolyte layer can be thinned sufficiently. 



Fig.1 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a fuel cell em- 
ploying an electrolyte membrane that comprises a hy- 
drogen-permeable metal layer. 

BACKGROUND ART 

[0002] In recent years, fuel cells that generate electric- 
ity through an electrochemical reaction of hydrogen and 
air have attracted notice as an energy source. Types of 
fuel cells currently available that use solid electrolyte 
membranes include high temperature type fuel cells of 
solid oxide type and the like. 

[0003] Fuel cells of solid oxide type typically employ a 
thin membrane of zirconia or other inorganic substance 
as the electrolyte membrane sandwiched between the 
electrodes. The membrane resistance of such electrolyte 
membranes tends to increase at lower temperatures, and 
thus in order to keep membrane resistance within a prac- 
ticable range, operation at relatively high temperature is 
necessary. 

[0004] In fuel cells of solid oxide type, while it is pos- 
sible to reduce the membrane resistance by reducing the 
thickness of the electrolyte membrane, it is extremely 
difficult in practice to form a fine thin membrane on the 
electrodes, which are formed form porous material, so 
that it is not possible to achieve a sufficiently thin film. 
Currently, solid oxide type fuel cells are typically operated 
at temperatures of about 700°C or above. 
[0005] The issue of how to reduce membrane resist- 
ance through thinner electrolyte membranes is not ex- 
clusive to solid oxide types; rather, the issue is common 
to fuel cells of various kinds. In view of this problem, it is 
an object of the present invention to provide a technology 
for realizing a thinner electrolyte membrane. 
[0006] JP-A-7-1 85277 is a related art that discloses 
hydrogen separation membranes used in solid oxide fuel 
cells and the like. 

DISCLOSURE OF THE INVENTION 

[0007] With a view to addressing the aforementioned 
problem at least in part, in the present invention, the fol- 
lowing construction is applied to the fuel cell. The fuel 
cell of the invention has a hydrogen electrode supplying 
hydrogen; an oxygen electrode supplying oxygen; and 
an electrolyte membrane disposed between the hydro- 
gen electrode and the oxygen electrode. This electrolyte 
membrane includes a hydrogen-permeable metal layer, 
and an electrolyte layer formed on the surface of the hy- 
drogen-permeable metal layer. Since the hydrogen-per- 
meable metal layer is formed from metal, its surface is 
sufficiently fine. Accordingly, the electrolyte layer can be 
made sufficiently thin, and the membrane resistance of 
the electrolyte layer can be reduced. 



[0008] As the hydrogen-permeable metal there may 
be employed, for example, a noble metal such as palla- 
dium (Pd) or palladium alloy; or a VA element, e.g., va- 
nadium (V), niobium (Nb), tantalum (Ta), or the like. As 
5 the solid oxide for the electrolyte layer there can be used, 
for example, BaCe0 3 or SrCe0 3 based ceramics. The 
ionic conductivity of the electrolyte layer includes proton 
conductivity, for example. 

[0009] Where the electrolyte membrane is formed of 
10 a composite material comprising a hydrogen-permeable 
metal layer and an electrolyte layer in this way, the prob- 
lem of interlayer separation may occur. It is known that 
the hydrogen-permeable metals typically give rise to a 
phenomenon of expansion in volume as hydrogen per- 
15 meates through. The electrolyte layer, on the other hand, 
is in some cases composed of certain material having an 
expansion rate during hydrogen permeation, that is sig- 
nificantly different from that of the hydrogen-permeable 
metal. This difference in expansion rate between the hy- 
drogen-permeable metal layer and the electrolyte layer 
may contribute to interlayer separation during hydrogen 
permeation. In the present invention, such separation is 
prevented by means of furnishing the electrolyte mem- 
brane with a separation preventing mechanism for pre- 
venting separation of the hydrogen-permeable metal lay- 
er and the electrolyte layer during hydrogen permeation. 
[0010] Herein, the separation preventing mechanism 
may be realized through various embodiments. In a first 
aspect, the mechanism is one that prevents expansion 
of the hydrogen-permeable metal layer during hydrogen 
permeation. Since the hydrogen-permeable metal layer 
typically has a high expansion rate, it is possible to pre- 
vent separation by means of preventing expansion of the 
hydrogen-permeable metal layer. The mechanism for 
preventing expansion of the hydrogen-permeable metal 
layer may consist, for example, of disposing a specific 
material with a lower expansion rate than the hydro- 
gen-permeable metal during hydrogen permeation 
(hereinafter termed "skeletal frame material") within the 
hydrogen-permeable metal layer. The arrangement may 
be one in which a frame formed from the skeletal frame 
material is disposed around the hydrogen-permeable 
metal, or an arrangement wherein fibers formed from the 
skeletal frame material are embedded within the hydro- 
gen-permeable metal layer. Materials for the skeletal 
frame elements include, for example, aluminum oxide 
(Al 2 0 3 ), silicon carbide (SiC), or other ceramics; single 
elements or alloys including one or more metals selected 
from iron (Fe), nickel (Ni), chromium (Cr), molybdenum 
(Mo) and the like; graphite (C), boron (B), glass, and the 
like. 

[0011] In preferred practice, the skeletal frame ele- 
ments will be positioned so as to avoid the contact inter- 
face of the hydrogen-permeable metal layer with other 
layers. Contact interface refers, for example, to the inter- 
face between the hydrogen-permeable metal layer and 
an electrode, or the interface between the hydrogen-per- 
meable metal layer and the electrolyte layer. In most cas- 
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es the skeletal frame material will have low hydrogen 
permeability. Accordingly, by avoiding exposure of skel- 
etal frame material at contact interfaces, there is provided 
a larger contact area of the hydrogen-permeable metal 
layer at the contact interfaces, so that transport of hydro- 
gen or protons can proceed smoothly. 
[0012] In a second aspect, the separation preventing 
mechanism may comprise a stress-relaxing layer formed 
of hydrogen-permeable material, disposed between the 
hydrogen-permeable metal layer and the electrolyte lay- 
er. In preferred practice, the average expansion rate of 
the stress-relaxing layer during hydrogen permeation will 
be an expansion rate between those of the hydrogen-per- 
meable metal layer and the electrolyte layer. For exam- 
ple, a material having the physical properties in question 
may be selected; or it may be formed by a proton-con- 
ductive electrolyte layer with an expansion rate during 
hydrogen permeation that is lower than that of the hydro- 
gen-permeable metal layer and higher than that of the 
electrolyte layer. Conversely, it may instead be formed 
by a hydrogen-permeable metal layer with an expansion 
rate during hydrogen permeation that is lower than that 
of the aforementioned hydrogen-permeable metal layer 
and higher than that of the electrolyte layer. In this ex- 
emplary arrangement, the hydrogen-permeable metal 
layer and the stress-relaxing layer may be composed of 
palladium-nickel alloy, with the stress-relaxing layer em- 
ploying a structure wherein the nickel content increases 
going towards the electrolyte layer side. A material that 
combines the materials making up the hydrogen-perme- 
able metal layer and the electrolyte layer may be used 
as well. A combination of a hydrogen-permeable metal 
layer and an electrolyte layer having irregularities formed 
on their surfaces may be used to produce a structure 
wherein the two layers are interwoven at within their con- 
tact faces. Since the average expansion rate of the layer 
in which the two layers are interwoven will be an expan- 
sion rate lying between that of the hydrogen-permeable 
metal layer and the electrolyte layer, this layer can func- 
tion as a stress-relaxing layer. By interposing a stress-re- 
laxing layer in this way, the strain difference produced 
between the electrolyte layer and the stress-relaxing lay- 
er, and between the stress-relaxing layer and the elec- 
trolyte layer can be reduced, whereby stress can be re- 
laxed, and hence interlayer separation can be prevented. 
[0013] The stress-relaxing layer need not be provided 
as a single layer. For example, the hydrogen-permeable 
metal layer and the stress-relaxing layer may be consti- 
tuted as multiple stacked layers. By so doing, the 
stress-relaxing layers can prevent expansion of the hy- 
drogen-permeable metal layer from both the front and 
back sides. By disposing stress-relaxing layers on both 
sides of the hydrogen-permeable metal layer, bending 
moment resulting from the strain difference of the hydro- 
gen-permeable metal layer and the stress-relaxing layers 
can be reduced. 

[0014] The hydrogen-permeable metal layer and the 
stress-relaxing layer may be laminated together by bond- 



ing or other means. Where the stress-relaxing layer is 
formed of metal, diffusion bonding of the hydrogen-per- 
meable metal layer and the stress-relaxing layer is ac- 
ceptable. Where diffusion bonding is employed, in pre- 

5 ferred practice the stress-relaxing layer will be subjected 
to removal of the surface on the side opposite the bonding 
face, to a predetermined depth. By so doing, portions of 
high metal density in the stress-relaxing layer can be 
eliminated, and a drop in hydrogen-permeability prevent- 

10 ed. 

[0015] In a third aspect, the separation preventing 
mechanism may comprise a construction wherein a re- 
inforcing member is disposed in a localized manner be- 
tween the electrolyte layer and the hydrogen-permeable 
*5 metal layer. In preferred practice, the reinforcing member 
will have higher interfacial strength than the interfacial 
strength between the electrolyte layer and the hydro- 
gen-permeable metal layer, and will consist of material 
or construction in intimate contact with the layers. For 
the reinforcing member it would be possible to employ 
hydrogen- or proton-permeable material, or material hav- 
ing no such permeability. An example of the latter is mag- 
nesium oxide (MgO). 

[0016] In a fourth aspect, the separation preventing 
mechanism may comprise a mixed layer disposed be- 
tween the hydrogen-permeable metal layer and the elec- 
trolyte layer and containing a mixture of the materials that 
make up the two layers, in order to increase interfacial 
strength between the electrolyte layer and the hydro- 
gen-permeable metal layer. An electrolyte membrane 
furnished with such a mixed layer can be produced, for 
example, by first forming the hydrogen-permeable metal 
layer, then forming the mixed layer on the surface thereof, 
then forming the electrolyte layer on the surface of the 
mixed layer. The mixed layer may be formed separately 
on the outside of the hydrogen-permeable metal layer, 
by means of application or vapor deposition of the ma- 
terial making up the mixed layer onto the hydrogen-per- 
meable metal layer. The mixed layer may also be formed 
in proximity to the surface of the hydrogen-permeable 
metal layer, by means of embedding the material of which 
the electrolyte layer is formed, at a location in proximity 
to the surface layer. The proportion of hydrogen-perme- 
able metal to electrolyte within the mixed layer may be 
constant across its thickness, or have a gradient. 
[0017] Since the mixed layer contains the materials 
that make up the hydrogen-permeable metal layer and 
the electrolyte layer, it has affinity to both layers. Accord- 
ing to the fourth aspect, interfacial strength between lay- 
ers can be improved by interposing a mixed layer having 
this characteristic, so that separation is prevented. 
[0018] In a fifth aspect, the separation preventing 
mechanism may involve forming irregular surfaces that 
mesh with one another, on the contact faces of the hy- 
drogen-permeable metal layer and the electrolyte layer. 
Such an electrolyte membrane may be produced, for ex- 
ample, by forming the hydrogen-permeable metal layer, 
then machining the surface thereof into an irregular 
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shape, and then forming the electrolyte layer so as to 
mesh with the irregular shape. An irregular shape may 
be produced by a method wherein the surface of the hy- 
drogen-permeable metal layer is imparted with convex 
portions, or by removing portions of the surface to form 
concave portions. According to the fifth aspect, there can 
be provided an effect properly termed an anchoring ef- 
fect, whereby the two layers are held together through 
the action of force resisting the shear stress at the contact 
interface accompanying strain in each layer, produced 
in the meshing portions of the irregular shapes. Interlayer 
separation can be prevented by means of this effect. 
[0019] In a sixth aspect of the invention, the separation 
preventing mechanism may be constituted as a bending 
mechanism for pushing and bending the electrolyte 
membrane with the electrolyte layer on the inward side. 
When the electrolyte layer is bent inwardly due to expan- 
sion during permeation of hydrogen, the electrolyte layer 
is not subjected to tensile stress due to localized buckling. 
Since the electrolyte layer is typically more robust against 
compressive stress than against tensile stress, by pro- 
ducing inward bending with the electrolyte layer on the 
inward side, it is possible to reduce the likelihood of rup- 
ture of the electrolyte layer due to tensile stress caused 
by localized deformation. Such a bending mechanism 
may be realized by means of disposing a member on the 
side of the electrolyte layer opposite from the hydro- 
gen-permeable metal layer, with the member decreasing 
in rigidity closer to the center portion of the electrolyte 
membrane. An electrode or a reinforcing plate may serve 
as the member. Possible structures whereby the member 
is made to decrease in rigidity closer to the center of the 
electrolyte membrane include a structure wherein the 
member is made thinner at the center, or a structure 
wherein cutouts are disposed in proximity of the center 
portion to lower rigidity. Cutouts may be disposed in a 
concentric circle configuration, or in greater number clos- 
er to the center. 

[0020] In a seventh aspect of the invention, the sepa- 
ration preventing mechanism may be constituted by mak- 
ing the expansion rate during hydrogen permeation of 
the electrode forming the oxygen electrode disposed on 
the surface of the electrolyte layer approximately equal 
to the expansion ratio of the hydrogen-permeable metal 
layer during hydrogen permeation. By so doing, expan- 
sion of the electrode and of the hydrogen-permeable met- 
al layer during hydrogen permeation are substantially 
equal, whereby unbalance of stress to which the electro- 
lyte layer sandwiched between the two is subjected can 
be ameliorated. Additionally, the thickness of the elec- 
trode forming the oxygen electrode and the thickness of 
the hydrogen-permeable metal layer may be made ap- 
proximately equal. Where their thicknesses are approx- 
imately the same, unbalance of stress to which the elec- 
trolyte layer is subjected can be ameliorated further. 
[0021] In the present invention, the planar area of the 
electrolyte layer and of the hydrogen-permeable metal 
layer, that is, their areas in the plane orthogonal to the 



stacking direction, may be made equal; orthe former may 
be made smaller than the latter. Where a plurality of elec- 
trolyte layers and hydrogen-permeable metal layers are 
stacked, it is preferable for the planar area of the elec- 
5 trolyte layers to be smaller than the planar area of the 
hydrogen-permeable metal layers. By so doing, portions 
of the hydrogen-permeable metal layers that project out 
beyond the electrolyte layers can be utilized for joining 
the layers. This has the advantage that the layers can be 
10 joined relatively easily and securely, since hydrogen-per- 
meable metal is being bonding to itself. 
[0022] On the other hand, where the electrolyte layer 
planar area is smaller than the hydrogen-permeable met- 
al layer planar area, and the two layers have rectangular 
15 cross section, stress concentrations can be produced at 
the edges of the electrolyte layer, resulting in a suscep- 
tibility to separation. The separation preventing mecha- 
nism of the invention includes a mechanism for prevent- 
ing separation due to stress concentrations. 
[0023] Specifically, in an eighth aspect of the invention, 
the separation preventing mechanism may be constitut- 
ed by means of imparting to the electrolyte layer and/or 
the hydrogen-permeable metal layer a cross sectional 
shape such that, at the edge of the electrolyte layer, the 
outer surfaces of the electrolyte layer and the hydro- 
gen-permeable metal layer are smoothly continuous. A 
smoothly continuous outer surface refers to the absence 
of any discontinuous change of the direction of the normal 
vector of the outer surface, and to a continuous direc- 
tional derivative of the outer surface within the cross sec- 
tion orthogonal to the stacking direction. By means of 
employing such a cross sectional shape, stress concen- 
trations at the edges of the electrolyte layer may be re- 
lieved, and separation of the electrolyte layer and the 
hydrogen-permeable metal layer may be prevented. 
[0024] The aforementioned cross sectional shape may 
also take the form of a groove disposed on at least the 
hydrogen-permeable metal layer, so as to form a face 
that continues smoothly on from the edge face of the 
electrolyte layer, for example. The groove may be pro- 
duced, for example, by stacking the electrolyte layer on 
the surface of the hydrogen-permeable metal layer, and 
then cutting through the electrolyte layer down to the hy- 
drogen-permeable metal layer by means of a laser or 
physical cutting process. By means of the cutting the 
electrolyte layer while and the hydrogen-permeable met- 
al layer while they are stacked together, the side face of 
the groove will naturally form a face that smoothly con- 
nects the two layers. The groove is not limited to this 
method; it may be formed instead by cutting the hydro- 
gen-permeable metal layer. The separation preventing 
mechanism of the eighth aspect is not limited to a groove. 
Cutting of the edge faces of the electrolyte layer in such 
a way that the edges faces of the electrolyte layer are 
smoothly continuous with the surface of the hydro- 
gen-permeable metal layer is acceptable as well. 
[0025] In the present invention, a structure wherein the 
electrolyte layer is formed divided into a plurality of sec- 
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tions may be employed in place of the separation pre- 
venting mechanism. With such a structure, gaps can be 
formed between the electrolyte layer sections during ex- 
pansion of the hydrogen-permeable metal layer. Accord- 
ingly, it is possible to reduce the shear stress produced 
between the hydrogen-permeable metal layer and the 
electrolyte layer during hydrogen permeation, and inter- 
layer separation can be prevented. 
[0026] With an arrangement whereby the electrolyte 
layer is divided in this way, it is preferable to provide a 
permeation preventing mechanism in the gaps of the di- 
vided electrolyte layer, to prevent permeation of hydro- 
gen. By so doing, leakage of hydrogen or protons be- 
tween the electrodes can be prevented despite the for- 
mation of gaps. 

[0027] In the present invention, the electrolyte mem- 
brane may have the following arrangement. A retaining 
member having a plurality of holes is disposed with the 
holes contacting the surface of the hydrogen-permeable 
metal layer. The holes are then filled with a liquid elec- 
trolyte. With this structure, since a liquid electrolyte is 
employed, expansion of the hydrogen-permeable metal 
layer during hydrogen permeation will not result in pro- 
duction of any stress between the hydrogen-permeable 
metal layer and the electrolyte, whereby damage such 
as separation can be avoided altogether. 
[0028] The retaining member need not necessarily 
have ionic conductivity, but in preferred practice it will 
employ material having ionic conductivity in common with 
the electrolyte. By so doing, the retaining member per se 
can be endowed with electrolyte layer functionality, and 
the membrane resistance of the electrolyte membrane 
can be reduced. 

[0029] In the fuel cell of the present invention described 
hereinabove, catalysts of various kinds may be support- 
ed on the hydrogen-permeable metal layer. Examples of 
such catalysts are reforming catalysts that accelerate re- 
forming reactions of hydrocarbon compounds; carbon 
monoxide removal catalysts that accelerate the reaction 
to remove carbon monoxide; and atomic hydrogen form- 
ing catalysts that accelerate formation of atomic hydro- 
gen. Carbon monoxide removal catalysts include shift 
catalysts that accelerate the shift reaction forming water 
and hydrogen from carbon monoxide; and carbon mon- 
oxide selective oxidation catalysts that selectively oxide 
carbon monoxide. The atomic hydrogen forming cata- 
lysts include the Group VIII elements, for example. By 
supporting at least one of these catalysts, it is possible 
to achieve supplemental action on the part of the partic- 
ular catalyst, in conjunction with the hydrogen dissociat- 
ing action in the electrolyte membrane. 
[0030] In the fuel cell of the present invention, the hy- 
drogen-permeable metal layer will preferably be dis- 
posed in contact with the hydrogen electrode. With this 
disposition, the electrolyte membrane has higher strain 
on the oxygen electrode side than on the hydrogen elec- 
trode side, thus producing bending moment so as to pro- 
duce convexity on the hydrogen electrode side. Accord- 



ingly, with this disposition, in order to ameliorate this 
bending moment, in preferred practice the feed pressure 
to each electrode will be controlled such that the total 
pressure of the gas supplied to the hydrogen electrode 
5 is greater than the total pressure of the gas on the oxygen 
electrode side. 

[0031] In the fuel cell of the present invention, the fol- 
lowing arrangement may be employed as well. In the 
electrolyte membrane, an electrolyte layer doped with a 
10 heterogeneous element of smaller valence than the hy- 
drogen-permeable metal may be formed on an oxide lay- 
er that has been formed on the surface of the hydro- 
gen-permeable metal layer. By so doing, since the do- 
pant has hole conductivity, a portion of the hydrogen-per- 
meable metal layer can be utilized as an electrolyte layer 
having proton conductivity, so that damage such as sep- 
aration can be avoided. In this case, the hydrogen-per- 
meable metal layer may employ a Group VA element or 
alloy thereof. As dopants there could be used, for exam- 
ple, lanthanum (La), gadolinium (Gd), barium (Ba), po- 
tassium (K), or the like. 

[0032] Doping with the heterogeneous element dis- 
cussed above may be accomplished through various 
manufacturing methods. For example, after coating the 
heterogeneous element onto the surface of the oxide lay- 
er, the coating may be heated. Alternatively, with the ox- 
ide layer immersed in a solution that contains the heter- 
ogeneous element, the solution may be heated, or elec- 
trical current passed through it. 

[0033] The present invention may take the form not 
only as a fuel cell embodiment as described previously, 
but also as an electrolyte membrane for use in a fuel cell. 
It may also take the form of a manufacturing method for 
manufacturing an electrolyte membrane or fuel cell. Nor 
is the invention limited to the form of any particular em- 
bodiment, it being possible to suitably combine or omit 
in part some of the various features described above. 

Brief Description of the Drawings 

[0034] 

FIG. 1 is a model diagram depicting the overall ar- 
rangement of the fuel cell of Embodiment 1 . 
FIG. 2 is an illustration depicting the action of a pres- 
sure difference across the electrodes. 
FIG. 3 is an illustration of electrolyte membrane 
structure. 

FIG. 4 is a step diagram showing the process of pro- 
ducing the hydrogen-permeable metal layer. 
FIG. 5 is a step diagram showing the process of pro- 
ducing the hydrogen-permeable metal layer of a Var- 
iation Example. 

FIG. 6 is an illustration of electrolyte membrane 
structures of Variation Examples. 
FIG. 7A and FIG. 7B are model diagrams depicting 
electrolyte membrane structure of Embodiment 2. 
FIG. 8 is a sectional view of the electrolyte membrane 
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of Embodiment 3. 

FIG. 9 is an exemplary illustration of electrolyte mem- 
brane structures of Variation Examples. 
FIG. 10Aand FIG. 10B are illustrations of electrolyte 
membrane structures of Embodiment 4. 
FIG. 11 is an illustration of electrolyte membrane 
structures of Variation Examples. 
FIG. 12 is an illustration depicting the hydrogen-per- 
meable metal layer of Embodiment 5. 
FIG. 13 is an illustration of Variation Example 1 of 
Embodiment 5. 

FIG. 14 is an illustration of Variation Example 2 of 
Embodiment 5. 

FIG. 15 is an illustration depicting the composition 
of the electrolyte membrane 1 00E of Embodiment 6. 
FIG. 16 is an illustration modeling deformation of the 
electrolyte membrane 100E of Embodiment 6. 
FIG. 17 is an illustration depicting another composi- 
tion example of the reinforcing plate in Embodiment 
6: 

FIG. 18 is an illustration depicting the composition 
of the electrolyte membrane 1 0OF of Embodiment 7. 
FIG. 19 is a step diagram showing the process of 
producing the electrolyte membrane of Embodiment 
8. 

FIG. 20 is a step diagram showing the process of 
producing the electrolyte membrane of a Variation 
Example. 

FIG. 21 is an illustration depicting the process of pro- 
ducing the electrolyte membrane of Embodiment 9. 
FIG. 22 is an illustration depicting the process of pro- 
ducing the electrolyte membrane of Embodiment 1 0. 
FIG. 23 is an illustration depicting the process of pro- 
ducing the electrolyte membrane of a Variation Ex- 
ample of Embodiment 10. 

FIG. 24 is an illustration depicting the process of pro- 
ducing the electrolyte membrane of Embodiment 1 1 . 
FIG. 25A to FIG. 25D are illustrations depicting the 
separation preventing action of the groove. 
FIG. 26A and FIG. 26B are plan views depicting two 
types of electrolyte membrane in Embodiment 11. 
FIG. 27A and FIG. 27B are illustrations depicting the 
cross section of the electrolyte membrane of a Var- 
iation Example of Embodiment 1 1 . 

Best Mode for Carrying Out the Invention 

[0035] The embodiments of the invention will be de- 
scribed in the following order. 

A. Embodiment 1 

A1. Overall Composition 

A2. Electrolyte Membrane 

A3. Variation Example 

B. Embodiment 2 

C. Embodiment 3 

D. Embodiment 4 

E. Embodiment 5 



F. 

G. 
H. 

I. 
J. 
K. 



Embodiment 6 
Embodiment 7 
Embodiment 8 
Embodiment 9 
Embodiment 10 
Embodiment 11 



A, Embodiment 1 

10 A1. Overall Composition 

[0036] FIG. 1 is a model diagram depicting the overall 
arrangement of the fuel cell of Embodiment 1 . A cell mak- 
ing up the fuel cell is shown in cross section. This cell 

15 has a structure wherein an electrolyte membrane 1 00 is 
sandwiched between an oxygen electrode 10 (hereinaf- 
ter sometimes designated as the cathode) and a hydro- 
gen electrode 20 (hereinafter sometimes designated as 
the anode). The structure and material of the oxygen 

20 electrode 10 and the hydrogen electrode 20 can be 
formed of various materials such as carbon. 
[0037] The electrolyte membrane 100 has a thin elec- 
trolyte layer 1 10 of a solid oxide formed on the surface 
of a fine hydrogen-permeable metal layer 120 of vana- 

25 dium (V). The electrolyte layer 110 may consist of a 
BaCe0 3 or SrCe0 3 based ceramic proton conductor. A 
coating of palladium (Pd) may be formed on the outside 
of the electrolyte layer 1 10. In this embodiment, the elec- 
trolyte layer 110 thickness is 1 jim, and the hydrogen-per- 

30 meable metal layer 120 thickness is 40 jim. The thick- 
nesses of the layers may be established arbitrarily. 
[0038] In order to accelerate reactions between the ox- 
ygen electrode and the hydrogen electrode in the power 
generation process, it is typically to provide a catalyst 

35 layer of platinum (Pt) or the like in the cell. While omitted 
from the drawing, the catalyst layer can be disposed, for 
example, between the electrolyte membrane 1 00 and the 
oxygen electrode 1 0 or the hydrogen electrode 20. The 
catalyst layer could also be provided between the palla- 

40 dium (Pd) coating and the electrolyte layer 110, or be- 
tween the electrolyte layer 110 and the hydrogen-perme- 
able metal layer 120. 

[0039] As illustrated, the oxygen electrode 10 is sup- 
plied with compressed air by way of oxygen-containing 

45 gas. The hydrogen electrode 20 is supplied with hydro- 
gen rich fuel gas. The hydrogen in the fuel gas is sepa- 
rated by the hydrogen-permeable metal layer 120, and 
moves through the electrolyte layer 1 10 towards the ox- 
ygen electrode side. The pressure of the gases supplied 

50 to the oxygen electrode 10 and the hydrogen electrode 
20 can be set arbitrarily; in this embodiment, however, 
the total pressure Ph of the hydrogen electrode 20 is set 
higher than the total pressure Po of the hydrogen elec- 
trode 20. 

55 [0040] FIG. 2 is an illustration depicting the action of a 
pressure difference across the electrodes. The electro- 
lyte layer 110 and the hydrogen-permeable metal layer 
120 are shown in cross section. As indicated by the ar- 
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rows in the drawing, as hydrogen moves from the hydro- 
gen-permeable metal layer 120 and through the electro- 
lyte layer 110, the layers expand. Typically, the expan- 
sion rate of the hydrogen-permeable metal layer 120 dur- 
ing hydrogen permeation will be higher than the expan- 
sion rate of the electrolyte layer 110. This difference in 
expansion rates creates bending moment M1 shown in 
the drawing, causing the electrolyte membrane to deform 
in the direction indicated by the dot-and-dash lines. 
Meanwhile, the pressure difference mentioned previous- 
ly acts in the direction indicated by the arrows P. This 
pressure difference creates bending moment M2, caus- 
ing the electrolyte membrane to deform in the direction 
indicated by broken lines. Accordingly, by setting the total 
pressure on the hydrogen electrode side to a higher level 
than the total pressure on the oxygen electrode side, it 
is possible exert bending moment M2 that cancels out 
the bending moment M1 during hydrogen permeation, 
thus reducing the level of deformation of the electrolyte 
membrane. 

A2. Electrolyte Membrane 

[0041] FIG. 3 is an illustration of electrolyte membrane 
structure. FIG. 3 A shows a perspective view and FIG. 3B 
shows an A-A sectional view. In the drawing, the upper 
face is in contact with the hydrogen electrode 20 and the 
lower face is in contact with the oxygen electrode 10. The 
electrolyte layer 110 has a solid oxide formed uniformly 
thereon. The hydrogen-permeable metal layer 120 is 
formed of hydrogen-permeable metal 121 and a skeletal 
frame member 126. The hydrogen-permeable metal 121 
can be a single metal or alloy containing one or more 
metals selected from palladium Pd and the Group VA 
metals, for example. The skeletal frame member 126 can 
employ material with lower hydrogen absorption, i.e. hy- 
drogen solubility, per unit of volume than the hydro- 
gen-permeable metal 121. Examples of such materials 
are ceramics such as silicon carbide (SiC); single metals 
or alloys including one or more elements selected from 
iron (Fe), nickel (Ni), chromium (Cr), molybdenum (Mo) 
and the like; as well as graphite (C), boron (B), or glass. 
Where a Group VA metal is used as the hydrogen-per- 
meable metal 121, palladium or an alloy thereof may be 
used as the skeletal frame member 1 26. Where the skel- 
etal frame member 1 26 is formed of metal, since the skel- 
etal frame member 1 26 per se can function as the anode 
collector, there is the advantage of a simpler structure. 
The skeletal frame member 126 can be made of porous 
material; where aluminum oxide (Al 2 0 3 ) is used for ex- 
ample, average pore size can be 02. pim and porosity on 
the order of 40%. 

[0042] FIG. 4 is a step diagram showing the process 
of producing the hydrogen-permeable metal layer. First, 
the hydrogen-permeable metal layer and a thin film of 
the skeletal frame member are machined to irregular 
shape (Step S10). An exemplary irregular shape is de- 
picted in the drawing. Next, the thin film 121P of hydro- 



gen-permeable metal and the thin film 126P of the skel- 
etal frame material are bonded together with their irreg- 
ular portions intermeshed (Step S1 2). Finally, the surface 
layers composed of hydrogen-permeable metal or skel- 
5 etal frame material alone are removed through grinding 
or etching (Step S14). 

[0043] FIG. 5 is a step diagram showing the process 
of producing the hydrogen-permeable metal layer of a 
Variation Example. First, a thin film 126Q of skeletal 
10 frame material is machined to irregularshape (Step S20). 
The concave portions of this thin film are then filled with 
hydrogen-permeable metal 121 Q (Step S22). The sur- 
face layer portion composed of hydrogen-permeable 
metal alone is then removed through grinding or etching 
is (Step S24). It is possible to product the hydrogen-per- 
meable metal layer by various methods other than that 
depicted here by way of example. 
[0044] In the fuel cell of Embodiment 1 described 
above, a thin electrolyte layer 1 10 is formed on the sur- 
face of the hydrogen-permeable metal layer 120. Since 
the hydrogen-permeable metal layer 120 is sufficiently 
fine, the thickness of the electrolyte layer 1 10 can be kept 
down, and membrane resistance can be reduced. 
[0045] In the fuel cell of Embodiment 1, the skeletal 
frame member 126 constitutes a frame around the hy- 
drogen-permeable metal 121. Since the skeletal frame 
member 126 has a low expansion rate during hydrogen 
permeation, expansion of the hydrogen-permeable metal 
121 can be regulated. As a result, the strain difference 
between the hydrogen-permeable metal layer 120 and 
the electrolyte layer 1 10 can be reduced, and separation 
of the two can be prevented. 

A3. Variation Example 

[0046] FIG. 6 is an illustration of electrolyte membrane 
structures of Variation Examples. Here, six cases, name- 
ly Case A1 -Case F 1 , are shown. These may be classified 
according to whether contact interface of the electrolyte 
layer 110 and the hydrogen-permeable metal layer 120 
may be partial or coextensive with the entire face; and 
to whether the anode is inside or outside the electrolyte 
membrane. 

[0047] Case A1 is an example in which the contact 
interface is partial, and the anode is arranged to the out- 
side. As with the Embodiment, a skeletal frame member 
126A is disposed around hydrogen-permeable metal 
121 A. However, on the anode contact face (upper face 
in the drawing), the skeletal frame member 126A is not 
exposed. Accordingly, the hydrogen-permeable metal 
121 A can contact the anode over its entire face, so that 
migration of hydrogen proceeds smoothly, and thus 
membrane resistance can be reduced. 
[0048] Case B1 is an example in which the contact 
interface is partial, and the anode is arranged to the in- 
side. As with Embodiment 1 , hydrogen-permeable metal 
121B is disposed within recesses in a skeletal frame 
member 126B. The anode 20B is arranged on the upper 
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face of the hydrogen-permeable metal 121 B. With this 
construction, by making the hydrogen-permeable metal 
121 B thin, the rate of hydrogen permeation can be im- 
proved, and thus membrane resistance can be reduced. 
[0049] Case C1 is an example in which the contact 
interface is partial, and the anode is arranged to the in- 
side. As with Case B1 , hydrogen-permeable metal 121 C 
is disposed within recesses in a skeletal frame member 
126C, and an anode 20C is arranged on the upper face 
of the hydrogen-permeable metal 121C. Various cata- 
lysts 30C are supported within the recesses. Examples 
of catalysts that can be applied are reforming catalysts 
that accelerate reforming reactions of hydrocarbon com- 
pounds; carbon monoxide removal catalysts that accel- 
erate the reaction to remove carbon monoxide; and atom- 
ic hydrogen forming catalysts that accelerate formation 
of atomic hydrogen (also referred to as spillover hydro- 
gen forming catalysts). The carbon monoxide removal 
catalysts include shift catalysts that accelerate the shift 
reaction forming water and hydrogen from carbon mon- 
oxide; and carbon monoxide selective oxidation catalysts 
that selectively oxide carbon monoxide. The atomic hy- 
drogen forming catalysts include the Group VIM ele- 
ments, for example, platinum (Pt), palladium (Pd), rho- 
dium (Rh), ruthenium (Ru) and so on. 
[0050] By means of supporting at least one of these 
catalysts, it is possible to achieve supplemental action 
on the part of the particular catalyst, in addition to the 
hydrogen separating action of the electrolyte membrane. 
For example, where a reforming catalyst is supported, 
the reforming reactor can be made smaller or dispensed 
with altogether. Where a carbon monoxide removal cat- 
alyst is supported, the shift reactor or carbon monoxide 
selective oxidation reactor can be made smaller or dis- 
pensed with altogether, and the concentration of a com- 
ponent that is harmful to the fuel cell can be reduced. 
Since the hydrogen formed in the shift reaction is sepa- 
rated by the hydrogen-permeable metal 121, an advan- 
tage is the shift reaction, which is an equilibrium reaction, 
is accelerated. Where an atomic hydrogen forming cat- 
alyst is supported, the rate of hydrogen permeation and 
be improved, and thus membrane resistance can be re- 
duced. 

[0051] Case D1 is an example in which the contact 
interface is the entire face, and the anode is arranged to 
the outside. As with the Embodiment, hydrogen-perme- 
able metal 121 D is disposed within recesses in a skeletal 
frame member 126D. However, on the contact face with 
the electrolyte layer 110, the skeletal frame member 
126D is not exposed. Accordingly, the hydrogen-perme- 
able metal 121 A can contact the electrolyte layer 110 
over its entire face, so that migration of hydrogen pro- 
ceeds smoothly, and thus membrane resistance can be 
reduced. 

[0052] Case E1 is an example in which the contact 
interface is the entire face, and the anode is arranged to 
the inside. In Case E1, a skeletal frame member 126E 
is stacked onto the stacked electrolyte layer 110 and hy- 



drogen-permeable metal 121 E. An anode 20E is dis- 
posed in the recessed portions of the skeletal frame 
member 126E, without placing hydrogen-permeable 
metal 121 E therein. Even without the hydrogen-perme- 
5 able metal 1 21 E being framed by a skeletal frame mem- 
ber, expansion of the hydrogen-permeable metal 121E 
can be regulated and separation of the hydrogen-perme- 
able metal 121 E and the electrolyte layer 110 can be 
prevented. The case E1 has the advantage that produc- 
ts tion costs can be reduced. An additional advantage is 
that since the hydrogen-permeable metal 121 E and the 
electrolyte layer 1 10 are in contact over their entire face, 
smooth migration of hydrogen or protons at the contact 
interface can be achieved. 
15 [0053] Case F1 is an example in which the contact 
interface is the entire face, and the anode is arranged to 
the inside. In Case F1 , skeletal frame material is admixed 
in the interior of the hydrogen-permeable metal layer 
121F. For example, fibers of the material which makes 
20 up the skeletal frame member, such as aluminum oxide 
(Al 2 0 3 ), silicon carbide (SiC), graphite (C), or boron (B), 
can be admixed as reinforcing fibers. With this structure, 
for example, it is possible to admix the hydrogen-perme- 
able metal and the reinforcing fibers, produce an ingot 
25 by melting the separate metal at high temperature, and 
calendaring this into a thin sheet. A liquid quench method 
may also be employed in manufacture. The method in- 
volves spraying melted hydrogen-permeable metal with 
reinforcing fibers mixed therein onto a rotating chill roll 
30 surface, to form a thin film. An advantage of Case F1 is 
that a hydrogen-permeable metal layer 121 F having a 
controlled expansion rate can be formed by a relatively 
simple process. 



[0054] The structure of the electrolyte membrane of 
Embodiment 2 will be described next. FIG. 7A is a model 
diagram depicting the structure of the electrolyte mem- 
brane of Embodiment 2. FIG. 7B is a sectional view there- 
of taken along line A-A. In this drawing, the upper face 
in the drawing contacts the oxygen electrode 10, and the 
lower face in the drawing contact the hydrogen electrode 
20. The hydrogen-permeable metal 120 can be a single 
metal or alloy containing at least one element from pal- 
ladium Pd and the Group VA metals. 
[0055] The electrolyte layer 1 1 0A is formed of a liquid 
electrolyte 116A and a retaining member 116B. Porous 
ceramic was used as the proton-conductive material of 
the retaining member 116B. However, it would be pos- 
sible to use a material lacking proton conductivity, or a 
fine material. 

[0056] The electrolyte 116A fills the convex portions 
of the retaining member 1 1 6B. An example of proton-con- 
ductive liquid material is lithium chloride-strontium chlo- 
ride (LiCI-SrCI 2 ). A porous electrode impregnated with 
the electrolyte 1 16A may be placed an the upper face of 
the electrolyte layer 11 OA, as indicated by the broken 
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lines in FIG. 7B. This electrode placement forms a liquid 
phase proton-electrode-catalyst three-phase interface 
within the electrode, so that reactions on the electrode 
can be accelerated. Another advantage is that the elec- 
trode reduces evaporation of the liquid electrolyte. 
[0057] According to Embodiment 2 described above, 
since a liquid electrolyte 1 1 6A is used, despite expansion 
of the hydrogen-permeable metal 120 during hydrogen 
permeation, stress between the hydrogen-permeable 
metal layer 120 and the electrolyte layer 11 OA can be 
reduced, and interlayer separation can be prevented. 

C. Embodiment 3: 

[0058] FIG. 8 is a sectional view of the electrolyte mem- 
brane of Embodiment 3. This electrolyte membrane has 
a stress-relieving layer 115 disposed between the elec- 
trolyte layer 1 1 0 and the hydrogen-permeable metal layer 
120. The expansion rate during hydrogen permeation is 
modeled at right in the drawing. The expansion rate of 
the electrolyte layer 110 has a minimum value of.CEl, 
the expansion rate of the hydrogen-permeable metal lay- 
er 120 has a maximum value of CE3, and the stress-re- 
lieving layer has a value CE2 lying between CE1 and 
CE3. 

[0059] The stress- relieving layer 1 1 5 may take various 
forms depending on the material of the hydrogen- perme- 
able metal layer 120. For example, where a Group VA 
element is used as the hydrogen-permeable metal layer 
120, the stress-relieving layer may employ palladium Pd 
or other metal with lower hydrogen permeability than the 
Group VA elements. It is also possible to employ a 
stress-relieving layer 1 15 of material that is a mixture of 
the materials of the hydrogen-permeable metal layer 120 
and the electrolyte layer 110. 

[0060] According to the electrolyte membrane of Em- 
bodiment 3, the strain difference between the electrolyte 
layer 110 and the stress-relieving layer 115, and the 
strain difference between the stress-relieving layer 115 
and the hydrogen-permeable metal layer 120 are lower, 
as compared to the case where no stress-relieving layer 
1 1 5 is provided. Accordingly, separation between these 
layers can be prevented. 

[0061] FIG. 9 is an illustration modeling electrolyte 
membrane structures of Variation Examples. The 
stress-relieving layer 1 1 5 may be realized not just by sub- 
stituting material for the hydrogen-permeable metal layer 
1 20 or the electrolyte layer 1 1 0, by also by modifying the 
construction or composition. Case A2 depicts an exam- 
ple wherein the layer is realized by structural means. In 
Case A2, the electrolyte layer 11 OA and the hydro- 
gen-permeable metal layer 120A have complementary 
contoured surfaces. The interior of the medial layer 
formed by meshing the two layers constitutes a stress-re- 
lieving layer 1 15A. In this stress-relieving layer 1 15A, the 
electrolyte layer 1 1 0A and the hydrogen-permeable met- 
al layer 1 20A are locally interwoven, and thus the average 
expansion rate is value lying between those of the elec- 



trolyte layer 11 OA and the hydrogen-permeable metal 
layer 120A. 

[0062] In Case B2 depicts an example wherein the lay- 
er is realized by varying the composition. Between the 
5 hydrogen-permeable metal layer 120B and the electro- 
lyte layer 11 0B is formed a stress-relieving layer 115B 
which is a mixture of the compositions of the two. The 
composition within the stress-relieving layer 115B de- 
creases in density of hydrogen-permeable metal and in- 
fo creases in density of electrolyte, going from the hydro- 
gen-permeable metal layer 120B towards the electrolyte 
layer 1 10B. Here, there is given an example in which the 
expansion rate changes continuously in linear fashion, 
but it would be possible for it to change in nonlinear fash- 
15 ion, or to change discontinuously. Besides this arrange- 
ment, it would be possible for the stress-relieving layer 
1 15 to have an arrangement using a proton -conductive 
electrolyte layer with an expansion rate lying between 
the expansion rate of the electrolyte layer 110 and the 
20 expansion rate of the hydrogen-permeable metal layer 
120. Such an electrolyte layer may be provided as a sin- 
gle layer or multiple layers. Where provided as multiple 
layers, it is preferable for the expansion rate to vary grad- 
ually. The thickness and number of electrolyte layers 
25 serving as the stress-relieving layer 115 may be deter- 
mined on the basis of the electrical characteristics and 
mechanical strength required of the fuel cell, and other 
such considerations. 



[0063] Embodiment 4 will be described next. FIG. 1 0A 
is an illustration modeling the structure of an electrolyte 
membrane, in perspective view; and FIG. 10B is an A-A 

35 sectional view thereof. As in the embodiments discussed 
previously, the hydrogen-permeable metal layer 120 is 
a uniform layer composed of hydrogen-permeable metal 
such as a Group VA element or palladium (Pd). 
[0064] The electrolyte layer 1 1 2 is divided into multiple 

*o solid cylindrical shapes. As in the embodiments dis- 
cussed previously, a solid oxide or the like can be used 
as the material thereof. The electrolyte layer 112 need 
not be of cylindrical shape, and can take various other 
shapes. For example, it may take the form of a continuous 

45 wall. Nor is it necessary to provide gaps; provided that 
the layer is divided, disposition in intimate contact is ac- 
ceptable as well. Divisions need not be at equal intervals, 
with division at random locations being acceptable as 
well. 

50 [0065] According to the structure of Embodiment 4, 
strain produced by expansion of the hydrogen-permea- 
ble metal layer 120 is absorbed by enlargement of the 
gaps in the electrolyte layer 112. Accordingly, stress be- 
tween the hydrogen-permeable metal layer 120 and the 

55 electrolyte layer 112 can be avoided, and interlayer sep- 
aration can be prevented. 

[0066] FIG. 11 is an illustration of electrolyte mem- 
brane structures of Variation Examples. Here, four cases, 
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namely Case A2 to Case D3 are shown. Each arrange- 
ment is classified according to the structure of the contact 
interface of the electrolyte layer 112 and the hydro- 
gen-permeable metal layer 120, and depending on 
whether the cathode contact face is partial or the entire 
face. 

[0067] Case A3 is an example in which a leak preven- 
tion mechanism is disposed at the contact interface, and 
the cathode contact face is divided. The structure of the 
electrolyte layer 1 1 2 is divided in the same manner as in 
the Embodiment discussed above (see FIG. 10A and 
FIG. 10B). In case A3, a leak prevention mechanism is 
disposed in the gaps of the electrolyte layer 112A, for 
preventing leakage of hydrogen between the hydro- 
gen-permeable metal layer 120 and cathode, which will 
be positioned on the upper face in the drawing. The leak 
prevention mechanism is constituted, for example, by de- 
positing a hydrogen-permeable metal oxide, nitride, or 
carbide by means of a plating method or the like. Where 
a material that has flow properties at fuel cell operating 
temperatures, such as glass, is used, an advantage is 
that hydrogen leakage can be prevented even more re- 
liably. The liquid proton conductor described earlier can 
also be employed as a leak prevention mechanism. 
[0068] Case B3 is an example in which the contact 
interface has cavities and a connected cathode contact 
face. As illustrated, the electrolyte layer 1 12B is divided 
at the contact interface with the hydrogen-permeable 
metal layer 120, but connected at the cathode contact 
face. By means of this structure, a sufficient contact area 
with the cathode is assured, whereby proton conductivity 
can be improved and membrane resistance can be re- 
duced. 

[0069] Case C3 is an example similar to in Case B3, 
wherein a leak prevention mechanism 1 13C is disposed 
at the interface of the hydrogen-permeable metal layer 
120 and the electrolyte layer 1 12C. The leak prevention 
mechanism 1 13C may employ materials similar to those 
of Case A3. By so doing, leakage of hydrogen can be 
reduced. 

[0070] Case D3 is an example similar to in Case B3, 
wherein pinning material 1 13D is disposed between the 
hydrogen-permeable metal layer 120 and the electrolyte 
layer 1 1 2D in order to pin the two. In preferred practice, 
material capable of ensuring greater interfacial strength 
than the interfacial strength between the hydrogen-per- 
meable metal layer 120 and the electrolyte layer 112D 
will be used as the pinning material 1 13D between the 
hydrogen-permeable metal layer 120 and the electrolyte 
layer 11 2D. Magnesium oxide (MgO) is an example of 
such a material. The material need not have hydrogen 
permeability or proton conductivity. In this example, the 
pinning material is disposed only within the electrolyte 
layer 1 12D, but it could also be situated so as to infiltrate 
into the interior of the hydrogen-permeable metal layer 
120. By using the pinning material 11 3D it is possible to 
further prevent separation of the hydrogen-permeable 
metal layer 120 and the electrolyte layer 112D. 



E. Embodiment 5: 

[0071] FIG. 12 is an illustration depicting the hydro- 
gen-permeable metal layer of Embodiment 5. The elec- 
5 trolyte membrane can be formed by forming an electro- 
lyte layer on the upper face or lower face thereof. In Em- 
bodiment 5, the hydrogen-permeable metal layer is 
formed of a combination of two types of metal, one with 
high hydrogen permeability and one with low permeabil- 
10 ity. Here, three cases are shown by way of example. 
[0072] Case A4 is an example of a composition without 
a gradient. The arrangement is one having metal layers 
127A with low hydrogen permeability disposed between 
metal layers 123A with high permeability. Multiple metal 
15 layers 123A, 127A are stacked up. Group VA elements 
or alloys thereof may be used for the metal layers 1 23A, 
for example. Palladium (Pd) or palladium alloy may be 
used for the metal layers 127A. The metal layers 127A 
can also employ alloys of Group VA elements, with nickel 
(Ni), copper (Cu), cobalt (Co) or the like added individu- 
ally or in combination. 

[0073] Case B4 is an example of a composition similar 
to Case A4, but having a gradient in the film thickness 
direction between the layers. Such a structure can be 
produced, for example, by disposing metal layers 127B 
of low hydrogen permeability between metal layers 1 23B 
of high permeability, then heating to bring about metal 
diffusion between the layers. In preferred practice, in or- 
der to promote diffusion, an alloy of a Group VA element 
with a low level of added nickel (Ni) will be used for the 
metal layers 123B, and vanadium alloy with a high level 
of added nickel (Ni) will be used forthe metal layers 1 27B. 
As an example, added nickel can be on the order of 5% 
in the metal layers 123B, and vanadium alloy with f 50% 
added nickel can be used in the metal layers 127B. 
[0074] Case C4 is an example furnished with a single 
metal layer 123C of high hydrogen permeability, and met- 
al layers 1 27B of low permeability disposed on either side 
thereof. A case of a composition gradient similar to Case 
B4 between the layers is shown by way of example, but 
a gradient may be lacking as well, as in Case A4. The 
structure of Case C4 may be produced by the following 
procedure, for example. First, after laminating the metal 
layers 172C to either side of the metal layer 123C, it is 
heated to bring about metal diffusion between the layers. 
In this state, layers of high density of metal having low 
hydrogen permeability remain on the surfaces, so a pre- 
determined range of the surface is removed through 
grinding or etching. The thickness to be removed can be 
selected depending on the heat and process time during 
metal diffusion. By grinding the surfaces in this way, the 
metal layers of low hydrogen permeability can be made 
thinner so as to improve hydrogen permeability. 
[0075] A Variation Example of Embodiment 5 dis- 
cussed above will be described next. FIG. 13 is model 
depiction of an electrolyte membrane 100D of the Vari- 
ation Example. As shown, this electrolyte membrane 
1 00D for use in a fuel cell is given a different composition 
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of the hydrogen-permeable metal layer 1 20D on the elec- 
trolyte layer 1 10D side, so as to produce a medial layer 
1 18. In this Variation Example, the hydrogen-permeable 
metal layer 120D employs vanadium alloy with 5 percent 
added nickel Ni, whereas in the medial layer 118 the nick- 
el doping level (content) increases going towards the 
electrolyte layer 110D side, reaching a maximum of 10 
percent Vanadium-nickel alloy has the characteristic 
that the expansion rate during hydrogen permeation is 
lower at higher nickel Ni doping levels. Expansion rate 
is modeled at right in FIG. 13. Where this structure is 
employed, the difference in expansion rate at a location 
contacting the electrolyte layer 110D is low, so tensile 
stress on the electrolyte layer 1 10D is reduced. The me- 
dial layer 118 may be integrally formed with the hydro- 
gen-permeable metal layer 120D, or formed as an inde- 
pendent layer. In the former case, it is acceptable to em- 
ploy a structure wherein the surface of the hydrogen-per- 
meable metal layer 120D is doped with nickel Ni, with 
the doping level increasing towards the surface. As 
shown by way of example in FIG. 13, a structure wherein 
the nickel Ni doping level in the medial layer 118 increas- 
es gradually in a continuous manner towards the elec- 
trolyte layer 1 10D side is acceptable as well. Or, a struc- 
ture as shown by way of example in FIG. 14, wherein a 
number of hydrogen-permeable metal layers with differ- 
ent nickel Ni doping levels are layered so that the nickel 
Ni doping level increases in a stepwise manner towards 
the electrolyte layer 1 10D side, is also acceptable. In the 
former case, fabrication can be simplified since there is 
no need for a layering step. In the latter case, there is 
the advantage that variation in the nickel Ni doping level 
is easily adjustable. By establishing the nickel Ni doping 
level and layer thickness, the characteristics of variation 
in expansion rate can be designed with considerable 
freedom. Whereas in this example the expansion rate is 
adjusted by means of the nickel Ni doping level, other 
materials could be employed appropriately, as long as 
the material permits adjustment of the expansion rate 
during hydrogen permeation. 

[0076] By means of the above structures, expansion 
of the metal layer with high hydrogen permeability can 
be regulated by the metal layers with low hydrogen per- 
meability. Accordingly, expansion of the hydrogen-per- 
meable metal layer as a whole can be regulated, and 
separation from the electrolyte layer can be prevented. 
While the example depicted in FIG. 1 2 illustrates a metal 
layer of high permeability furnished on both sides with 
metal layers of low permeability, the layer could be fur- 
nished on one side only, as illustrated in FIG. 13 or FIG. 
14. 

F. Embodiment 6: 

[0077] An electrolyte membrane 1 00E used in the fuel 
cell of Embodiment 6 will be described next. As shown 
in FIG. 15, this electrolyte membrane 100E comprises a 
hydrogen-permeable metal layer 120E and an electrolyte 



layer 110E, and is furnished with a reinforcing plate 40 
contacting the electrolyte layer 1 1 0E. In this embodiment, 
the reinforcing plate 40 is made of punched metal of spe- 
cific aperture ratio, but a plate of wire netting, lattice, or 
5 mesh configuration could be used as well. The reinforcing 
plate 40 decreases in thickness towards its center por- 
tion. Thus, since the center portion of the reinforcing plate 
40 is thin, when the electrolyte membrane 100E is sub- 
jected to stress due to a difference in expansion rate be- 
10 tween the hydrogen-permeable metal layer 1 20E and the 
electrolyte layer 110E during hydrogen permeation the 
electrolyte membrane 100E is pushed and bent while 
deforming convexly towards the hydrogen-permeable 
metal layer 120 side. This condition is depicted in FIG. 
15 16. Since the reinforcing plate 40 has lower mechanical 
strength in its center portion, and the electrolyte layer 
1 10E in its entirety becomes convex towards the hydro- 
gen-permeable metal layer 120 side, deformation that 
would subject portions of the electrolyte layer 110E to 
strong tensile stress does not occur. This is because 
there is no localized buckling etc. triggered by warping 
due to expansion of the electrolyte layer 110E. When 
deformation like that depicted in FIG. 1 6 is produced, the 
electrolyte layer 1 1 0E is subjected to compressive stress, 
but particular in cases where the electrolyte membrane 
is ceramic, the electrolyte layer 110E has high strength 
against compressive stress as compared to tensile 
stress, so the likelihood of damage to the electrolyte 
membrane 100E by such deformation is reduced appre- 
ciably. 

[0078] In Embodiment 6 described above, the thick- 
ness of the reinforcing plate 40 contacting the electrolyte 
layer 1 1 0E is made thinner in the center portion thereof, 
so that convex deformation towards the hydrogen-per- 
meable metal layer 120E can readily occur; however, it 
would be acceptable to instead provide notched portions 
40a in the reinforcing plate 40 as depicted in FIG. 17, so 
as to facilitate such deformation. The notched portions 
40a may be disposed in concentric circles about the cent- 
er of the electrolyte membrane 100E, or small notched 
portions 40a may be disposed at predetermined inter- 
vals, as long as the design provides uniform deformation. 
In this embodiment, due to the presence of the reinforcing 
plate 40, the reinforcing plate 40 is furnished with a design 
facilitating specific deformation, but where the collector 
of the oxygen electrode is in direct contact with the elec- 
trolyte membrane 1 00E, the collector may be made thin- 
ner at the center to endow it with a similar structure. 



[0079] Embodiment 7 will be described next. FIG. 18 
is an illustration depicting the structure of the electrolyte 
membrane 100F of Embodiment 7. In this embodiment, 
55 the electrolyte membrane 100F is formed from an elec- 
trolyte layer 1 10F with proton conductivity and a hydro- 
gen-permeable metal layer 120F; a cathode electrode 
(oxygen electrode) 10F formed on the electrolyte layer 
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110F is of the same material and thickness D1 as the 
hydrogen-permeable metal layer 120F. In Embodiment 

7, palladium Pd is used for both the cathode electrode 
10F and the hydrogen-permeable metal layer 120F. In 
this embodiment, thickness of each is 30 to 40 jaiti. $ 
[0080] As a result of employing this structure, even 
when the electrolyte layer 11 OF expands during hydro- 
gen permeation, since the cathode electrode 10F and 
the hydrogen-permeable metal layer 120F have the 
same expansion rate and depth D1 , the electrolyte layer io 
1 1 0F is subjected to substantially identical stretch and 
substantially identical stress from both sides thereof. As 

a result, the electrolyte layer 11 OF is not subjected to 
force bending it in one direction, so that the electrolyte 
layer 1 1 0F is kept flat overall. It suffices for the expansion is 
rate and depth of the cathode electrode 10F and the hy- 
drogen-permeable metal layer 120F to be designed so 
as to cancel out the forces to which the electrolyte layer 
1 1 0F is subjected by the two; there is no need for them 
to have completely identical thickness, for example. 20 
Since in some instances the cathode electrode 1 0F may 
have a complex shape (see FIG. 1), the force to which 
the electrolyte layer 1 1 0F is subjected from the cathode 
electrode side should be measured or calculated, and 
the expansion rate and thickness of the hydrogen-per- 25 
meable metal layer 120 designed so that the electrolyte 
layer 11 OF is subjected to generally equivalent force 
thereby. The material for the cathode electrode 1 0F and 
the hydrogen-permeable metal layer 120 is not limited to 
palladium Pd, it being possible to use any of the various 30 
materials taught in the preceding embodiments. 

H. Embodiment8: 

[0081] FIG. 19 is a step diagram showing the process 35 
of producing the electrolyte membrane of Embodiment 

8. In Embodiments, a base 102 of hydrogen-permeable 
metal is prepared, and an oxide layer 102A is formed 
thereon (Step S30). A Group VA element may be used 

as the metal, for example. *o 
[0082] This oxide layer 102A is then coated with a do- 
pant oxide 106 (Step S32). Where the base consists of 
vanadium (V), this additive may be lanthanum (La), gado- 
linium (Gd), barium (Ba) or the like. Where the base con- 
sists of tantalum (Ta), potassium (K) or the like may be *5 
used. It possible to use metal having lower valence than 
the metal used for the base. 

[0083] Next, the coated surface is subjected to heat 
treatment by means of a laser or the like (Step S34). By 
so doing, hole conductivity is imparted by the dopant, so 
and a proton conducting layer 102B that contains the 
dopant is formed on the surface of the base 102. Where 
the base consists of vanadium (V), for example, the pro- 
ton conducting layer 1 02B can be a perovskite vanadium 
oxide such as LaV0 3 or GdV0 3 . ss 
[0084] FIG. 20 is a step diagram showing the process 
of producing the electrolyte membrane of a Variation Ex- 
ample. In this process, an oxide layer 102A is formed on 



the surface of the base 102 (Step S40). Next, the base 
1 02 is immersed in a solution 1 06A containing the dopant, 
a power supply is connected between the base 102 and 
an electrode 107, and current is passed through them 
(Step S42). By so doing, the dopant in the solution, e.g. 
lanthanum ion (La 3+ ), reacts with the oxide layer 102A, 
forming a proton conducting layer. The entire solution 
could be heated instead of using electrical current. 
[0085] In the electrolyte membrane of Embodiment 8 
described above, the oxide layer formed on the surface 
of the base functions as an electrolyte layer, i.e. as a 
proton conducting layer. Accordingly, separation of the 
electrolyte layer and the hydrogen-permeable metal lay- 
er can be prevented. Depending on the combination of 
base and additive, it is also possible to produce a proton 
conducting layer having electron conductivity, and the 
oxide layer formed thereby can be utilized as a metal 
diffusion preventing layer. Accordingly, the surface of the 
oxide layer may be coated with palladium Pd or alloy 
thereof, to form the hydrogen-permeable metal layer. 

I. Embodiment 9: 

[0086] FIG. 21 is an illustration depicting the process 
of producing the electrolyte membrane of Embodiment 
9. In this process, the base is formed by hydrogen-per- 
meable metal (Step S50), and a mixed layer is formed 
on the surface thereof (Step S52). The mixed layer is a 
layer in which the hydrogen-permeable metal forming the 
base and the material forming the electrolyte layer are 
admixed. 

[0087] In the drawing, two methods for forming the 
mixed layer, namely Method A and Method B, are de- 
picted in model form. In Method A, ceramic material for 
forming the electrolyte is implanted in a base 130A to 
produce a mixed layer 131 A in a region close to the sur- 
face. The material may be implanted by various methods, 
for example: 

(1) a method wherein the surface of the base 130A 
is physically abraded with particles of ceramic ma- 
terial; 

(2) a sandblasting method wherein particles of ce- 
ramic material are blasted against the surface of the 
base 130A; 

(3) a method in which the base 130A is subjected to 
ultrasonic vibration in an aqueous solution with ce- 
ramic particles mixed in, to induce the ceramic par- 
ticles to physically collide with the surface of the base 
130A; 

and the like. 

[0088] In Method B, a separate mixed layer 131B is 
produced on the surface of a base 1 30B. The mixed layer 
1 31 B of Method B may be produced by various methods, 
for example: 

(a) a method of coating the surface of the base 1 31 B 
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with fine ceramic particles approximately 1 |±m or 
smaller in diameter coated thinly with hydrogen-per- 
meable metal, followed by firing; 

(b) a method of coating the surface of the base 131B 
with a mixture of fine particles of hydrogen-permea- 
ble metal and fine ceramic particles, followed by fir- 
ing; 

(c) a method of coating the surface of the base 1 31 B 
with an aqueous solution of a hydrogen-permeable 
metal complex and fine ceramic particles, followed 
by firing; 

and the like. 

[0089] Formation of the mixed layer need not rely ex- 
clusively on either of the aforementioned Methods A and 
B, but may be accomplished using a combination of the 
two, or some other method besides the two. In the for- 
mation process of Embodiment 9, an electrolyte layer is 
formed on the surface of the mixed formed in this way 
(StepS54). In the drawing, electrolyte layers 132A, 132B 
formed in Method A and Method B respectively are de- 
picted in model form. Formation of the electrolyte layer 
may be accomplished by physical vapor deposition 
(PVD), chemical vapor deposition (CVD), a sol gel proc- 
ess, plating, or other method. In Embodiment 9, the ce- 
ramic particles included in the mixed layer serve as crys- 
tal nuclei during film growth, and have the effect of in- 
creasing the rate of film growth. 

[0090] According to Embodiment 9, by means of inter- 
posing a mixed layer between the base and the electro- 
lyte layer, interfacial strength between the layers can be 
improved, and separation can be prevented. In Embod- 
iment 9, the mixed layer may consist of materials the 
same as or different from the base and the electrolyte 
layer. 

J. Embodiment 10: 

[0091] FIG. 22 is an illustration depicting the process 
of producing the electrolyte membrane of Embodiment 
10. In this process, a base is formed from hydrogen- per- 
meable metal (Step S60), and peaks and valleys are pro- 
duced on the surface thereof (Step S62). The base 140A 
is depicted in model cross section in the drawing. For 
convenience, regular peaks and valleys are shown by 
way of example, but an irregular pattern would be ac- 
ceptable as well. It is not necessary for the apical portions 
of the peaks to be angled. The peak and valley pattern 
may be produced, for example, by subjecting the surface 
of the base 140Ato physical polishing, chemical polish- 
ing, ion bombardment, laser irradiation, or the like. 
[0092] Next, an electrolyte layer 1 40B is formed on the 
surface of the base 140A imparted with the peak and 
valley pattern (Step S64). Formation of the electrolyte 
layer 1 40B may be accomplished by physical vapor dep- 
osition (PVD), chemical vapor deposition (CVD), a sol 
gel process, plating, or other method, for example. Any 
peaks and valleys remaining on the surface formed in 



this way are then polished off to produce a smooth face 
(Step S66). Another electrolyte layer 1 40C is then formed 
on the smooth face (Step S68). Since the electrolyte lay- 
ers 140B, 140C are the same material, they are unified 
5 by this process. In preferred practice, electrolyte layer 
140C thickness t will be on the order of 0.1 -1 p.m. 
[0093] This process, together with a cross section 
where carried out with other types of material, is shown 
by way of example within the frame of Step S68. For 
10 example, after a palladium Pd layer 150B and an elec- 
trolyte layer 1 50C have been formed on the surface of a 
base 1 50A of vanadium V (Step S64), surface smoothing 
can be carried out (Step S66), and the electrolyte layer 
1 50 C then re-formed, thereby forming a electrolyte me ni- 
ls brane of three-layer structure. 

[0094] According to the electrolyte membrane of Em- 
bodiment 10, by imparting a peak and valley pattern to 
the interface of the base and the electrolyte layer, sepa- 
ration of the layers can be prevented. In the process of 
forming the electrolyte membrane of Embodiment 1 0, the 
surface smoothing step may be omitted, but as indicated 
below, this step has the advantage of providing a more 
consistent product, while allowing the electrolyte layer to 
be made thinner. Typically, where a peak and valley pat- 
tern is produced on the base surface and the electrolyte 
layer is formed thereon, there are instances in which if 
the electrolyte layer is thinned, holes are produced in the 
electrolyte layer by the peak portions of the base. In Em- 
bodiment 10, a "smooth face" can be formed by filling in 
the valley portions with electrolyte, so that the occurrence 
of holes during formation of the electrolyte layer can be 
avoided. 

[0095] FIG. 23 is an illustration depicting the process 
of producing the electrolyte membrane of a Variation Ex- 
ample of Embodiment 10. In this process, a base is 
formed from hydrogen-permeable metal, and its surface 
is smoothed (Step S70). Smoothing may be accom- 
plished by means of physical polishing or chemical pol- 
ishing, for example. Next, the base surface is imparted 
with a peak and valley pattern (Step S72). However, in 
this Variation Example, in contrast to Embodiment 10, 
the surface of the base 160 is imparted with a peak and 
valley pattern by means of applying peak portions 116 
of the same material as the base, in a striped pattern. 
This process can be carried out, for example, by physical 
vapor deposition (PVD), chemical vapor deposition 
(CVD), a sol gel process, plating, or other method, for 
example. Using this method, it is possible to produce a 
fine peak and valley pattern on the order of several nm 
to several ten nm. 

[0096] Next, an electrolyte layer 162 is formed over 
the peak and valley face formed in this way (Step S74). 
In preferred practice, thickness of the electrolyte layer 
162 will be sufficiently thin, while within a range in which 
creation of holes by the peak and valley pattern can be 
avoided. Since the peak and valley pattern of this Vari- 
ation Example is very fine, creation of holes can be avoid- 
ed even where film thickness is on the order of 0.1 -1 
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jim. The peak portions 116 of stripe form may be formed 
at equal intervals, or at random intervals. Their width may 
be constant, or vary appropriately. 

K. Embodiment 11: 

[0097] FIG. 24 is an illustration depicting the process 
of producing the electrolyte membrane of Embodiment 
11. In this process, a base 170 is formed from hydro- 
gen-permeable metal, and an electrolyte layer 180 is 
stacked thereon (Step S80). Formation of the electrolyte 
layer 180 may be carried out by physical vapor deposi- 
tion, chemical vapor deposition, a sol gel process, plat- 
ing, or various other methods cited by way of example in 
the preceding embodiments. The planar area of the elec- 
trolyte layer 180 viewed in the stacking direction (here- 
inafter termed "planar area") is smaller than the planar 
area of the base 170. By making the planar area of the 
electrolyte layer 180 smaller than the planar area of the 
base 170, when a plurality of electrolyte membranes are 
stacked, the portions of the bases 170 that extend out 
beyond the electrolyte layers 1 80 can be used to join the 
electrolyte membranes to one another, affording the ad- 
vantage that since these portions consist of the same 
material, secure bonding among the layers can be 
achieved relatively easily. As illustrated, a medial layer 
185 may be disposed between the base 170A and the 
electrolyte layer 180A. The medial layer 185 may employ 
the stress-relieving layer or skeletal frame member 
taught in the various embodiments discussed previously, 
for example. 

[0098] Next, a separation prevention groove is formed 
on the electrolyte membrane formed in this way (Step 
S82). The groove can be formed by irradiation with a 
laser, or by physical cutting using a cutting instrument. 
The groove is formed with a depth penetrating through 
the electrolyte layer 180, 180A and the medial layer 185, 
down to the base 170, 170A. In preferred practice, the 
groove will be formed in the stacking direction, i.e. down- 
ward in the drawing. 

[0099] FIG. 25A to FIG. 25D are illustrations depicting 
the separation preventing action of the groove. FIG. 25A 
is a side sectional view showing the entire electrolyte 
membrane with the electrolyte layer 180 formed on the 
base 170. FIG. 25B to FIG. 25D depict, in enlarged view 
of the area A within the broken line in FIG. 25A, the results 
of analysis of distribution of principal stress produced by 
differences in the expansion rates of the based 170 and 
the electrolyte layer 180 while the electrolyte membrane 
is in service. The cross sections depicted in FIG. 25B to 
FIG. 25D correspond respectively to Lb, Lc, and Ld in 
FIG. 25A. While the numerical values of principal stress 
given in the drawings will vary with the conditions of the 
analysis, the qualitative magnitude of FIG. 25B to FIG. 
25D is maintained regardless of the conditions of the 
analysis. 

[0100] Stress observed in the absence of a groove is 
illustrated in FIG. 25B. The curves in the drawing are 



equal stress lines; the hatched portions represent the 
areas of highest stress. In the joint portion of the base 
170 and the electrolyte layer 180, a value of 12300 MPa 
is observed due to stress concentration. In FIG. 25C, 

5 stress observed when a wedge-shaped groove is form 
is illustrated. With this shape, stress in the joint portion 
is 5760 Mpa, which represents a reduction to about 45% 
of the level observed when no groove is present. In FIG. 
25D, stress observed when a semicircular groove is form 

10 is illustrated. With this shape, stress in the joint portion 
is 1480 Mpa, which represents a reduction to about 12% 
of the level observed when no groove is present. In this 
way, the groove ameliorates sudden change in cross sec- 
tional shape in the joint portion of the base 170 and the 

15 electrolyte layer 180, which has the effect of relieving 
stress concentration. By means of this action, the elec- 
trolyte membrane of Embodiment 1 1 can prevent sepa- 
ration of the base 1 70 and the electrolyte layer 180 during 
service due to the difference in expansion rate between 

20 them. 

[01 01] FIG. 26A and FIG. 26B are plan views depicting 
two types of electrolyte membrane in Embodiment 11. 
Examples of patterns for forming the groove described 
above are shown. FIG. 26A depicts an example of a rec- 

25 tangular groove 182. FIG. 26B depicts an example of a 
groove 182A having a plurality of parallel segments ar- 
ranged at a fixed interval d. While the shape of the groove 
may be selected arbitrarily, where the groove 182 is dis- 
posed along the outside of the electrolyte layer 180 as 

30 depicted in FIG. 26A, there is the advantage that effective 
area of the electrolyte layer 180, i.e. the portion outside 
the groove, can be assured. Where a relatively convo- 
luted groove 182A is formed as shown in FIG. 26B, since 
stress is relieved in the groove portion, stress can be 

35 relieved in the electrolyte layer 180 overall. In FIG. 26B, 
in the event that for some reason a crack should form in 
the surface of the electrolyte layer 180 during service, 
stress in the cracked portion is relieved by the effect of 
the groove in the vicinity of crack, so that separation of 

40 the base 170 and the electrolyte layer 180 starting from 
the cracked portion can be prevented. 
[0102] FIG. 27A and FIG. 27B are illustrations depict- 
ing the cross section of the electrolyte membrane of a 
Variation Example of Embodiment 1 1 . The electrolyte 

45 membrane of this embodiment is not limited to one fur- 
nished with the various grooves depicted in FIG. 25B to 
FIG. 25D; various structures for smoothly connecting the 
outside surfaces of the base and the electrolyte layer at 
the joint portion of the two may be employed as well. 

50 Smooth connection of the outside surfaces refers to the 
absence of any discontinuous change of the direction of 
the normal vector of the outer surface, and to a continu- 
ous directional derivative of the outer surface within the 
cross section orthogonal to the stacking direction. FIG. 

55 27A depicts the upper surface of the base 170B as being 
flat, with the angle of the electrolyte layer 180B cut to 
arcuate shape as illustrated. With this shape as well, the 
surfaces of the base 1 70B and the electrolyte layer 1 80B 
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are smoothly connected in the joint portion Pc of the two. 
Accordingly, stress concentrations in the joint portion can 
be relieved. 

[01 03] FIG . 27B depicts the upper surface of the elec- 
trolyte layer 180C as being flat, with the base 170C man- 
ufactured with a stepped configuration. With this shape, 
while the cross sectional shape changes sharply at the 
basal portion Pb of the step in the base 170C, in the joint 
portion Pc of the base 170C and the electrolyte layer 
180C, the surfaces of the two are planar, and connect 
smoothly. Accordingly, with the structure of FIG. 27 B as 
well, stress concentrations in the joint portion Pc can be 
relieved. 

[01 04] According to Embodiment 1 1 discussed above, 
separation of the base and the electrolyte layer can be 
prevented by means of a relatively simple structure. The 
structure described in Embodiment 11 may be applied 
to a electrolyte membrane in combination with any of the 
structures described in the previous embodiments. 
[01 05] While the invention has been described in terms 
of certain preferred embodiments, it is not limited thereby, 
with various other arrangements being possible without 
departing from the spirit thereof. 

INDUSTRIAL APPLICABILITY 

[0106] The invention can be reduced to practice as a 
fuel cell of various kinds for use in automobiles or sta- 
tionary equipment, and as a method for manufacturing a 
electrolyte membrane for such a fuel cell. 



Claims 

1. A fuel cell comprising: 

a hydrogen electrode (20) for supplying hydro- 
gen; 

an oxygen electrode (10) for supplying oxygen; 
and 

an electrolyte membrane (100) disposed be- 
tween said hydrogen electrode and said oxygen 
electrode; 

wherein said electrolyte membrane (100) in- 
cludes: 

a hydrogen-permeable metal layer (120) of 
hydrogen-permeable metal (121); 
an electrolyte layer (110) formed on the sur- 
face of said hydrogen-permeable metal lay- 
er (120), composed of material having an 
expansion rate during hydrogen permea- 
tion that differs significantly from that of said 
hydrogen-permeable metal (121); and 
a separation preventing mechanism for pre- 
venting separation of said hydrogen-per- 
meable metal layer (120) and said electro- 
lyte layer (110) during hydrogen permea- 



tion. 

2. A fuel cell according to claim 1, wherein said sepa- 
ration preventing mechanism prevents expansion of 

5 said hydrogen-permeable metal layer (120) during 
hydrogen permeation. 

3. A fuel cell according to claim 2, wherein said sepa- 
ration preventing mechanism is constituted by dis- 

10 posing a specific material (126) with a lower expan- 
sion rate than said hydrogen-permeable metal (121) 
during hydrogen permeation within said hydro- 
gen-permeable metal layer (120). 

15 4. A fuel cell according to claim 3, wherein said sepa- 
ration preventing mechanism is positioned so as to 
avoid the contact interface of said hydrogen- perme- 
able metal layer (120) with other layers. 

20 5. a fuel cell according to claim 1, wherein said sepa- 
ration preventing mechanism is a stress-relieving 
layer (115) disposed between said hydrogen-perme- 
able metal layer ( 1 20) and said electrolyte layer (110) 
and has hydrogen permeability, and is formed of a 

25 material or structure whose average expansion rate 
during hydrogen permeation is a value lying between 
that of said hydrogen-permeable metal layer (120) 
and that of said electrolyte layer (110). 

30 6. A fuel cell according to claim 5, wherein said 
stress-relieving layer (115) is formed by a pro- 
ton-conductive electrolyte layer with an expansion 
rate during hydrogen permeation that is lower than 
that of said hydrogen-permeable metal layer (120) 

35 and higher than that of said electrolyte layer (110). 

7. A fuel cell according to claim 5, wherein said 
stress-relieving layer (115) is formed by a hydro- 
gen-permeable metal layer (120) with an expansion 

40 rate during hydrogen permeation that is lower than 
that of said hydrogen-permeable metal layer (120) 
and higher than that of said electrolyte layer (110). 

8. A fuel cell according to claim 5, wherein said hydro- 
45 gen-permeable metal layer (120) and said stress-re- 
lieving layer (115) are constituted as multiple stacked 
layers. 

9. A fuel cell according to claim 5, wherein said hydro- 
50 gen-permeable metal layer (120) and said stress-re- 
lieving layer (115) are joined by means of metal dif- 
fusion, and said stress-relieving layer (115) is con- 
stituted by removing a predetermined thickness of 
the surface of the side opposite said joining face. 

55 

10. A fuel cell according to claim 1, wherein said sepa- 
ration preventing mechanism is a reinforcing mem- 
ber (118) disposed in localized manner between the 
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electrolyte layer (110) and the hydrogen-permeable 
metal layer (120) in intimate contact with the layers, 
and having higher interfacial strength than the inter- 
facial strength between said electrolyte layer (110) 
and said hydrogen-permeable metal layer (120). 

11. A fuel cell according to claim 1, wherein said sepa- 
ration preventing mechanism is a mixed layer (1 31 A, 
131B) disposed between said hydrogen-permeable 
metal layer (120, 130A, 130B) and said electrolyte 
layer (110, 132A, 132B) and containing a mixture of 
the materials that make up the two layers. 

12. A fuel cell according to claim 1, wherein said sepa- 
ration preventing mechanism consists of irregular 
surfaces that mesh with one another, which are 
formed on the contact faces of said hydrogen-per- 
meable metal layer (120) and said electrolyte layer 
(110). 

13. A fuel cell according to claim 1, wherein said sepa- 
ration preventing mechanism has a bending mech- 
anism for pushing and bending said electrolyte mem- 
brane (100) with said electrolyte layer (1 10) on the 
inward side. 

14. A fuel cell according to claim 1 3, wherein said bend- 
ing mechanism has a structure wherein a member 
(40) disposed on the side of said electrolyte layer 
(110) opposite from said hydrogen-permeable metal 
layer (120) has decreasing rigidity closerto the cent- 
er portion of said electrolyte membrane (100). 

15. A fuel cell according to claim 14, wherein said struc- 
ture of decreasing rigidity closer to the center of the 
electrolyte membrane (100) is a structure wherein 
said member (40) is made thinner at the center. 

16. A fuel cell according to claim 1, wherein said sepa- 
ration preventing mechanism is constituted so that 
the expansion rate during said hydrogen permeation 
of the electrode forming said oxygen electrode (10) 
disposed on the surface of said electrolyte layer 
(110) is approximately equal to the expansion ratio 
of said hydrogen-permeable metal layer (120) during 
hydrogen permeation. 

17. A fuel cell according to claim 16, wherein the thick- 
ness of the electrode forming said oxygen electrode 
(10) and the thickness of said hydrogen-permeable 
metal (120) are approximately equal. 

1 8. A fuel cell according to any of claims 1 to 1 7, wherein 
the planar area of said electrolyte layer (110, 180) 
is smaller than the planar area of said hydrogen-per- 
meable metal layer (120, 170); and 

said separation preventing mechanism is constituted 
by imparting to said electrolyte layer and/or said hy- 



drogen-permeable metal layer a cross sectional 
shape such that the outer surfaces of said electrolyte 
layer (110, 180) and 

said hydrogen-permeable metal layer (120, 170) are 
5 smoothly continuous at the edge of said electrolyte 
layer (110, 180). 

19. A fuel cell according to claim 18, wherein said sep- 
aration preventing mechanism is a groove disposed 
10 on at least said hydrogen-permeable metal layer 
(120, 170), so as to form a face that continues 
smoothly on from the edge face of said electrolyte 
layer (110, 180). 

15 20. A fuel cell comprising: 

a hydrogen electrode (20) for supplying hydro- 
gen; 

an oxygen electrode (10) for supplying oxygen; 
20 and 

an electrolyte membrane (100) disposed be- 
tween said hydrogen electrode and said oxygen 
electrode; 

wherein said electrolyte membrane includes: 

25 

a hydrogen-permeable metal layer (120) of 
hydrogen-permeable metal (121); and 
an electrolyte layer (110, 112) formed on 
the surface of said hydrogen-permeable 
30 metal layer (100), composed of material 

having an expansion rate during hydrogen 
permeation that differs significantly from 
that of said hydrogen-permeable metal 
(120), and 

35 said electrolyte layer (110, 112) is divided 

into a plurality of sections. 

21. A fuel cell according to claim 20, wherein a perme- 
ation preventing mechanism (113C) is disposed in 

40 the gaps of said divided electrolyte layer (1 10, 1 12). 

22. A fuel cell comprising: 

a hydrogen electrode (20) for supplying hydro- 
ps gen; 

an oxygen electrode (10) for supplying oxygen; 
and 

an electrolyte membrane (100) disposed be- 
tween said hydrogen electrode (20) and said ox- 
50 ygen electrode (10); 

wherein said electrolyte membrane (100) in- 
cludes: 

a hydrogen-permeable metal layer (120) of 
55 hydrogen-permeable metal (121); and 

wherein a retaining member (116B) con- 
tacting the surface of said hydrogen-perme- 
able metal layer, and having a plurality of 
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holes at said contact face is disposed; and 
a liquid electrolyte (116A) fills said holes. 

23. A fuel cell according to claim 22, wherein said retain- 
ing member (116B) and said electrolyte layer (110) 
have common ionic conductivity. 

24. A fuel cell according to any of claims 1 to 23, wherein 
said hydrogen-permeable metal layer (1 20) supports 
at least one type of catalyst (30C) selected from the 
group consisting of reforming catalysts that acceler- 
ate reforming reactions of hydrocarbon compounds, 
carbon monoxide removal catalysts that accelerate 
reactions to remove carbon monoxide, and atomic 
hydrogen forming catalysts that accelerate formation 
of atomic hydrogen. 

25. A fuel cell according to any of claims 1 to 24, further 
comprising a pressure control portions for control ling 
pressure so that the total pressure of the gas sup- 
plied to said hydrogen electrode (20) is greater than 
the total pressure of the gas on said oxygen electrode 
side (10). 

26. A fuel cell comprising: 

a hydrogen electrode (20) for supplying hydro- 
gen; 

an oxygen electrode (10) for supplying oxygen; 
and 

an electrolyte membrane (100) disposed be- 
tween said hydrogen electrode (20) and said ox- 
ygen electrode (10); 

wherein said electrolyte membrane (100) in- 
cludes: 

a hydrogen-permeable metal layer (120) of 
hydrogen-permeable metal (121); and 
an electrolyte layer (110) formed on an ox- 
ide layer that has been formed on the sur- 
face of said hydrogen-permeable metal lay- 
er (1 20), wherein said electrolyte layer (1 1 0) 
is doped with a heterogeneous element of 
smaller valence than said hydrogen-perme- 
able metal (121). 

27. A fuel cell according to claim 26, wherein said hy- 
drogen-permeable metal is selected from the group 
consisting of a Group VA element and alloy thereof. 

28. A method for manufacturing an electrolyte mem- 
brane comprising: 

(a) producing a thin film of hydrogen-permeable 
metal (102); 

(b) oxidizing one surface of said thin film to form 
an oxide layer (102A); and 

(c) doping said oxide layer (102A) with a heter- 



ogeneous element of smaller valence than said 
hydrogen-permeable metal, producing a layer 
of a compound oxide of said hydrogen-perme- 
able metal and the heterogeneous element 
5 (102B). 

29. A method according to claim 28, wherein said doping 
step (c) includes: 

10 coating the surface of said oxide layer (102A) 

with said heterogeneous element; and 
heating said coating. 

30. A method according to claim 28, wherein said doping 
15 step (c) includes: 

immersing said oxide layer (102A) in a solution 
containing said heterogeneous element (1 06A); 
and 

20 while immersed, heating or passing electrical 

current through the solution. 

31. A method for manufacturing an electrolyte mem- 
brane for use in a fuel cell, comprising a hydro- 

25 gen-permeable metal layer (130A.130B) and an 
electrolyte layer ( 1 32A, 1 32B), said method compris- 
ing: 

(a) forming said hydrogen-permeable metal lay- 
30 er(130A,130B); 

(b) forming on the surface of said hydrogen-per- 
meable metal layer (130A, 130B) a mixed layer 
(131A,131B) containing a mixture of the mate- 
rials forming said hydrogen-permeable metal 

35 layer (130A.130B) and said electrolyte layer 

(132A.132B); and 

(c) forming said electrolyte layer (132A.132B) 
on the surface of said mixed layer (131 A,1 31 B). 

40 32. A method for manufacturing an electrolyte mem- 
brane for use in a fuel cell, comprising a hydro- 
gen-permeable metal layer (140A) and an electrolyte 
layer (140B), said method comprising: 

45 (a) forming said hydrogen-permeable metal lay- 

er (140A); 

(b) producing an irregular pattern on the surface 
of said hydrogen-permeable metal layer (140A); 
and 

50 (c) forming said electrolyte layer (140B) on said 

irregular surface, so as to mesh with said irreg- 
ular pattern. 

33. A method for manufacturing an electrolyte mem- 
55 brane for use in a fuel cell, comprising a hydro- 
gen-permeable metal layer (170) and an electrolyte 
layer (180), said method comprising: 
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(a) forming said hydrogen-permeable metal lay- 
er (170); 

(b) stacking onto said hydrogen-permeable met- 
al layer ( 1 70) an electrolyte layer ( 1 80) of smaller 
planar area than said hydrogen-permeable met- 5 
al layer (170); and 

(c) furnishing a groove that penetrates through 
said electrolyte layer (180) down to said hydro- 
gen-permeable metal layer (170). 
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